Abstract Objectives The aim of this study is to determine how intimate partner violence against HIV-positive women affects safe infant feeding practices in Lusaka, Zambia. Methods A cross-sectional face-to-face survey was conducted with 320 married postpartum women at a large public health center in Lusaka, Zambia, in 2014. Variables were measured using previously validated instruments from the Demographic and Health Survey. Data were analyzed using simple and multivariate logistic regression in Stata 12. Results Thirty-seven percent of women report early mixed infant feeding prior to six months. Women who experienced intimate partner violence have 2.8 higher adjusted odds of early mixed infant feeding (p \ 0.001). Women who experienced emotional violence, specifically, have 1.9 higher adjusted odds of early mixed infant feeding (p \ 0.05), while women who experienced sexual violence have 2.3 higher adjusted odds (p \ 0.01). There is also a dose-response relationship between IPV and early mixed infant feeding (p \ 0.05). Lastly, disclosing one's HIV-positive status to the husband is associated with at least 67 % lower adjusted odds of early mixed feeding (p \ 0.05). Conclusions Intimate partner violence against HIV-positive women, in particular emotional and sexual violence, increases the likelihood of early mixed infant feeding, putting infants at greater risk for both mother-to-child transmission of HIV and other infant morbidities. Intimate partner violence should thus be given increased attention within the context of infant feeding and HIV in sub-Saharan Africa.
Introduction
Child survival and the prevention of mother-to-child transmission of HIV (PMTCT) are current global health priorities. However, sub-optimal infant feeding practices in high HIV prevalence settings, such as Zambia, may be undermining these goals (Torpey et al. 2010) . Currently, the Zambian Ministry of Health with guidance from the World Health Organization (WHO) recommends HIV-infected women use antiretroviral (ARV) intervention while practicing exclusive breastfeeding for the first 6 months of life. After 6 months, the mother should introduce complementary foods and continue breastfeeding for at least 12 months (ZMOH 2010) . This feeding strategy offers the best balance of protection from morbidities, such as diarrheal disease and respiratory infections, and postnatal mother-to-child transmission of HIV (Bahl et al. 2005; WHO 2010 ). Conversely, mixed infant feeding (i.e., breast milk in addition to other food) during the first 6 months of life is strongly discouraged among HIV-positive women in settings like Zambia due to the increased risk of both other diseases, namely diarrhea, and HIV transmission (Coovadia et al. 2007; Coutsoudis et al. 2001; Iliff et al. 2005) .
The most recent Zambian Demographic and Health Survey (ZDHS) reports a high prevalence of exclusive breastfeeding for the first 6 months of life (73 %) in the general population of women (CSO 2014) . However, HIVinfected women tend to introduce other food and wean their infants significantly earlier than HIV-uninfected women (Omari et al. 2003) . This in part may be due to the fact that HIV-related stigma prevents HIV-infected women from feeding infants in ways that are outside of perceived cultural norms, particularly if they have not disclosed their HIV status to family members (Farquhar et al. 2001) .
Despite the recognition that fear of violence often hinders women from disclosing they are HIV-infected to male partners (Maman et al. 2001) , the influence of intimate partner violence (IPV) has not been adequately examined in relation to infant feeding in the context of HIV. Recently, Misch and Yount (2014) report that experiences with lifetime sexual IPV is associated with reduced odds of exclusive breastfeeding among the general population of women in Liberia, Ghana, and Kenya. There is also some evidence from Uganda (Karamagi et al. 2007 ) and the United States (Silverman et al. 2006) indicating that IPV is associated with sub-optimal infant feeding. Conversely, Misch and Yount (2014) also report that sexual IPV in Zambia is associated with increased odds of exclusive breastfeeding in the general population of women, making the relationship between IPV and breastfeeding inconclusive. In addition, no studies to the author's knowledge have specifically examined the relationship between breastfeeding practices and IPV among women who are living with HIV. The objective of this article is to determine if IPV against HIV-positive women is associated with early mixed infant feeding in Lusaka, Zambia. The secondary aims of this study are to determine if different forms of IPV affect safe infant feeding practices differentially and if there is a dose-response relationship between IPV and suboptimal infant feeding.
Methods

Study Design
The results in this article are from a larger mixed methods study examining the effects of gender power dynamics within couples and HIV-positive women's adherence to protocols across the PMTCT cascade of care, including safe infant feeding practices, in Lusaka, Zambia. The study was conducted with postpartum HIV-positive women attending a large public health center for routine pediatric immunizations. Data were collected from April to August of 2014 by four trained local research assistants through a face-to-face survey using closed-ended questions. The questionnaire was pretested during a pilot study in March of 2014 and evaluated by a panel of experts in Lusaka. Research assistants verbally administered the survey in the local languages on paper forms in a private location at the health center after the participant completed her health care visit. The questionnaire was written in English, but translated into the two most commonly spoken dialects in Lusaka. Participants received a small travel reimbursement for their time. Written informed consent or a thumbprint was obtained from all participants.
The four research assistants were all individuals who had previously participated in data collection for health research. They also attended a three-day training led by the primary investigator, which included in-depth discussion of research ethics and minimizing research bias. 
Participants
The a priori sample size calculation demonstrated that at least 274 participants were needed to conduct a two-tailed z test Poisson regression to detect a rate ratio of at least 1.2 with a power of 0.80 and alpha of 0.05 (Faul et al. 2007 ). However, 320 participants were enrolled to account for potential missing data and incomplete surveys. Eligibility criteria for the study included: being female, HIV seropositive, over the age of 18 years, currently married/ living with a man as if married, and the mother of an infant between 3 and 9 months of age. Infant age criterion was selected to capture the postpartum PMTCT protocols and infant feeding practices, align with the pediatric immunization schedule in Zambia, and limit recall bias.
Recruitment for the study took place during routine pediatric immunizations in the Maternal and Child Health Department of one of the largest public health centers in Lusaka. The health center has a catchment population of over 160,000 individuals living in the surrounding low socio-economic areas. Nurses determined eligibility for the study using the infant's ''Under-Five Card,'' a mother's copy of her child's health record that she is required to bring to all pediatric health care visits and includes the child's birth date, height and weight, immunizations, medications, and PMTCT. If a woman was HIV-positive and had an infant 3-9 months of age, nurses verbally invited her to go to a designated private space in the health center where research assistants conducted informed consent, asked additional screening questions, and administered the survey to eligible consenting participants.
Measurement
Infant feeding, the outcome of interest, was measured using previously validated questions from the ZDHS (CSO and Macro International Inc. 2009 ). Women were asked if they were currently breastfeeding, if they had ever breastfed the child, and if they had given any food from a list of 11 possible items, such as cow's milk, infant formula, and porridge. If women reported yes to giving any of the food items to their child, they were asked at what age the infant was first given the specific food. Those who reported giving any food prior to 6 months and breastfeeding were classified as practicing early mixed infant feeding.
IPV, the independent variable of interest, was measured using the Domestic Violence Module from ZDHS (CSO and Macro International Inc. 2009), which is based on the Revised Conflict Tactics Scale (CTS2). The DHS Domestic Violence Module was first developed and standardized in 2000 and has been used in more than 80 surveys, including throughout sub-Saharan Africa (MacQuarrie et al. 2014) . Questions include any experiences with sexual, physical, and emotional violence from a woman's current male partner. There are three possible events for emotional violence; seven possible events for physical violence; and two possible events for sexual violence. Dummy variables were created for: (1) experiencing any IPV; (2) experiencing emotional IPV; (3) experiencing physical IPV; and (4) experiencing sexual IPV. In addition, a variable for the number of violent events was calculated by summing the number of specific emotional, physical, or sexual events a woman reported out of a total of 12 possible events on the survey.
If a woman reported experiencing a violent event, she was also asked about the frequency of violence in the past year. A frequency of IPV in the past year score was created by summing how frequently each violent event occurred in the past year (often = 3, sometimes = 2, rarely ever = 1), yielding a scale from 0 (no violent events in the past year) to 36 (experiencing every violent event often in the past year). Lastly, women were asked if they had self-disclosed their HIV-positive staus to the husband, if their husband had been tested for HIV, and the result of his most recent HIV test.
Covariates measured on the survey include: women's age in years; infants' age in months; parity; women's highest educational attainment; knowledge of mother-tochild transmission through breastfeeding; HIV status disclosure to the husband; and a standardized wealth index. The wealth index was developed using principal component analysis (PCA) based on a list of 21 possible household assets on the survey, which is the recommended method using the DHS household assets measure (Filmer and Pritchett 2001) .
Data cleaning and Analysis
Survey data were double entered into CSPro and exported into Stata 12 for analysis. Surveys with more than 50 % missing data were not included in the analyses (n = 4). Missing data (2.3 %) from the included surveys were imputed using multivariate chained equations (Raghunathan et al. 2001; van Buuren et al. 2006) . Data converged indicating that the model was a good fit for the data set (StataCorp 2009). Simple logistic regression models highlighted significant relationships at the bivariate level, which were then tested under multivariate conditions adjusting for covariates.
Results
Participant and Relationship Characteristics
Table 1 presents the sample characteristics stratified by infant feeding practices. The average age of women in the study is 29 years. The average age of infants is 6 months. Only 14 % of participants completed secondary school. Knowledge that HIV can be transmitted through breast milk from a mother to her infant is almost universal (96 %). Women report being in their current relationship for almost 7 years on average and over 91 % report disclosing to the husband they are HIV-positive. Lastly, the majority of women (60 %) report experiencing at least one physically, sexually, or emotionally violent event in their current relationship. Emotional violence is the most commonly reported type of violence.
Infant Feeding Practices and Bivariate Associations
The most prevalent type of feeding during the infant's first 6 months of life is exclusive breastfeeding (see Table 1 ). However, a substantial portion of women (37 %) report early mixed feeding. Porridge and plain water are the two most commonly cited food items given to the infant prior to 6 months (see Fig. 1 ). Characteristics associated with an increased odds of early mixed infant feeding in the unadjusted models include: the infant being 4-5 months of age compared to less than 4 months of age (p \ 0.01); the mother not completing secondary education (p \ 0.05); lack of HIV and breastfeeding knowledge (p \ 0.05); lack of self-disclosure of HIV status to the husband (p \ 0.01); experiencing any IPV (p \ 0.001); experiencing emotional IPV (p \ 0.05); experiencing sexual IPV (p \ 0.001); the number of violent events experienced (p \ 0.01); and the frequency of violence in the past year (p \ 0.01).
Early Mixed Infant Feeding and Intimate Partner Violence
In the adjusted models, experiencing any IPV remained significantly associated with early mixed infant feeding after adjusting for covariates (see Table 2 ). Women who experienced IPV from their husband have 2.9 times higher adjusted odds of early mixed feeding compared to women who did not experience IPV (p \ 0.001). Similar to the unadjusted models, physical violence does not significantly affect the adjusted odds of early mixed feeding (aOR 1.39, p = 0.221; data not shown in tables). However, emotional and sexual violence are both positively associated with Fig. 1 Reported food/liquids given to infants prior to 6 months among HIV-infected women practicing mixed feeding (n = 118) higher adjusted odds of early mixed feeding. Women who experienced emotional violence have 1.9 times higher adjusted odds of early mixed feeding compared to women who did not experience emotional violence (p \ 0.05; see Table 3 ). Women who experienced sexual violence have 2.3 times higher adjusted odds of early mixed feeding compared to women who did not experience sexual violence (p \ 0.01; see Table 4 ). In addition, there appears to be a dose-response relationship between IPV and mixed infant feeding with women who experience more violent events and more frequent IPV more likely to practice early mixed feeding. For each additional violent event a woman experienced, she has 17 % higher adjusted odds of early mixed feeding (p \ 0.05; see Table 5 ). Lastly, for each increase in the frequency of IPV score, a woman has 8 % higher adjusted odds of early mixed feeding (p \ 0.05; see Table 6 ).
Early Mixed Infant Feeding and HIV Status Disclosure
Self-disclosure of the woman's HIV-positive status to her husband significantly decrease the adjusted odds of practicing early mixed infant feeding (see Tables 2, 3 , 4, 5, 6). Women who disclosed they were HIV-positive to their husband have more than a 67 % reduced adjusted odds of practicing mixed infant feeding compared to women who did not disclose they were HIV-positive (p \ 0.05). 
Early Mixed Infant Feeding and Other Covariates
In addition to relationship characteristics, several individual-level characteristics are also associated with the adjusted odds of early mixed infant feeding (see Tables 2,  3 , 4, 5, 6). First, not surprisingly, knowledge that HIV can be transmitted through breast milk is associated with at least a 77 % reduced adjusted odds of mixed infant feeding (p \ 0.05). Second, having more children is associated with higher adjusted odds of mixed infant feeding: for each additional child, a woman has at least 27 % higher adjusted odds of mixed feeding (p \ 0.05). Finally, older infants, but who are under 6 months, are more likely to be mixed fed than younger infants: infants that were less than 4 months of age have at least 52 % reduced odds of being mixed fed compared to infants that were 4-5 months of age (p \ 0.05).
Discussion
Although the majority of HIV-positive women in this study report exclusive breastfeeding, over one-third of participants practice early mixed feeding, increasing the risk of HIV infection and infant mortality (Coovadia et al. 2007; Coutsoudis et al. 2001; Iliff et al. 2005) , as well as malnutrition into early childhood (Kumar et al. 2006) . The proportion of women practicing early mixed infant feeding in this study is higher than what is reported from the 2014 ZDHS in the general population. This supports the argument that HIV-infected women may introduce other foods earlier than HIV-uninfected women (Omari et al. 2003) .
Appropriate pre-and post-natal counseling regarding infant feeding in the context of HIV is thus critical to ensure HIVpositive women understand the benefitis of exclusive breastfeeding to 6 months. Indeed, lack of knowledge regarding mother-to-child transmission through breast milk is a significant predictor of early mixed feeding in the present study.These findings provide additional support for the growing body of literature indicating that appropriate knowledge-delivered through the health care system-on HIV and breastfeeding is critical for sustained exclusive breastfeeding (Kimani-Murage et al. 2014; Madiba and Letsoalo 2013; Tuthill et al. 2014) . Factors outside of the health care setting, however, also significantly influence optimal infant feeding practices among postpartum women living with HIV in this Zambian context. In the present study, IPV-particularly emotional and sexual IPV-are associated with higher adjusted odds of HIV-positive women practicing early mixed infant feeding. Moreover, increased violent events and more frequent violence in the past year are also associated with higher adjusted odds of early mixed feeding. In settings where IPV is common, such as Zambia, this is a major concern with far-reaching infant morbidity and mortality consequences. To the author's knowledge, this is the first study to establish that IPV victimization from a current husband negatively affects safe infant practices among HIV-infected women in sub-Saharan Africa. Although IPV and gender inequality are receiving increasing attention, more effort is urgently needed at the policy and institutional-levels, such as screening for IPV during PMTCT counseling.
The findings of this study run somewhat contrary to the findings of Misch and Yount (2014) who report using the DHS data that lifetime sexual IPV increases the adjusted odds of exclusive breastfeeding in Zambia. It is likely, however, that lifetime experiences with different forms of IPV have differing effects on women's health behaviors compared to current IPV experiences. For example, some forms of lifetime IPV may result in women's compensatory behaviors and improved infant feeding outcomes while current experiences of IPV result in deficits and difficulties with breastfeeding (Kendall-Tackett 2007; Levendosky et al. 2003) . Additionally, HIV-positive women have unique infant feeding experiences compared to the general population of women due to HIV-related stigma (Farquhar et al. 2001) .
IPV victimization likely affects HIV-positive women's infant feeding practices through several social and biological mechanisms. First, women who are fearful of IPV are less likely to disclosure they are HIV-infected to male partners (Maman et al. 2001) ; making infant feeding that is outside of perceived cultural norms difficult. However, IPV remained significantly associated with sub-optimal infant feeding after adjusting for HIV status disclosure to the husband in the present study. Second, the stress related to IPV may physically inhibit the release of oxytocin, the hormone that facilitates the flow of breast milk (Lawrence and Lawrence 1985) , leading to difficulties producing enough milk to practice exclusive breastfeeding for 6 months. Third, IPV against women increases the risk of emotional distress, depression, and post-traumatic stress disorder (PTSD), which are known barriers to medical adherence in general (Ellsberg et al. 2008) , which may similarly hinder HIV-piositive women's ability to follow the recommended infant feeding strategies. Finally, sexual IPV in particular may result in an acute aversion to exclusive breastfeeding because the practice involves a sometimes-sexualized organ (Klingelhafer 2007)-although the applicability of this hypothesis within the African context is debatable.
This study also provides evidence from Zambia to the growing body of literature linking women's disclosure of an HIV-infected status to following the recommended infant feeding practices (Doherty et al. 2006 (Doherty et al. , 2007 Fadnes et al. 2010; Farquhar et al. 2001; Madiba and Letsoalo 2013; Onono et al. 2014; Sibeko et al. 2009 ). Since exclusive breastfeeding is often perceived as being culturally abnormal in Zambia (Omari et al. 2003) , disclosing one's HIV status to the husband/partner may help a woman justify why she is practicing a certain infant feeding strategy as well as garner support from the husband/partner in order to follow the recommend protocols.
This study has several limitations. First, due to the cross-sectional nature, the study cannot establish causality, but has found compelling associations. Second, some of the infants in this study were only 3-5 months of age; women may have introduced complementary foods prior to 6 months but after the survey was completed. Thus, the proportion of women practicing exclusive breastfeeding may be slightly overestimated. Third, all data are based on self-reporting and vulnerable to social desirability, recall, and acquiescence biases. Lastly, the sample was purposively selected, which limits the generalizability of findings to other populations outside of low socio-economic areas in urban sub-Saharan Africa.
Conclusion
Over one-third of the HIV-infected postpartum Zambian women in this study practiced early mixed infant feeding, increasing the risk of HIV transmission through breast milk as well as other infant morbidities. IPV against women is an important predictor of HIV-positive mothers' safe infant feeding practices. In particular, emotional and sexual violence negatively affect adherence to sustained exclusive breastfeeding. PMTCT programs should prioritize interventions aimed at capturing women in violent relationships and providing appropriate counseling and referrals in order to improve optimal infant feeding practices among women living with HIV.
